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ABSTRACT 


The electrical properties of Iron (tii) Oxide (F'e203) were investigated by impedance 
spectroscopy over the frequencyl Hz to 10 MHz at room temperature. Scanning electron 
Microscopy (SEM) and Raman Spectroscopy has been done of Iron (iii) Oxide 
Nanopowder ranging 30-40 nm in diameter. The morphological analysis of Iron (iit) 
Oxide (Fe203) has been done by (SEM) informing the identical particles and diameters 
ranging 30-40 nm. Additional, the Raman shift deviation exhibit reliable peak found at 
~143, 289, 498 and 629 cm" of Iron (iii) Oxide (Fe203) Nanopowder. The electrical 
studies of the Iron (tii) Oxide (Fe203) Nanopowder have been inspected in order to 
obtain the dependency of electrical parameters (mainly dielectric permittivity, loss, 
conductivity, loss-tangent, impedance, and admittance) on frequency. Considerable 
dependency of the conductivity on frequency which is achieved owing to significant 
change in particle diameter. It calculated that the electrical parameters of Iron (iii) 
Oxide (Fe203) Nanopowader have a great dependency on the frequency. 
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1. INTRODUCTION 


From a very long time nanoparticles of iron oxides show exclusive and valuable characteristics 
for a number of applications. Among other Iron (411) Oxide is one of the most versatile 
ferromagnetic materials with a high saturation magnetization, a Curie temperature well above 
the ambient, a relatively weak magneto-crystalline anisotropy and superparamagnetic 
behaviour in the fine particle state.[1-2] Nowadays, MNPs of the iron oxides have become 
important components in biosensing, magnetic separation, advanced medical screening and 
therapies, including bio-assays, magnetic resonance imaging (MRI), magnetically guided drug 
delivery, and hyperthermia, etc.[3-7] magnetite MNPs were also used in many other 
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applications such as storage media for magnetic memories, ferrofluids, magnetic separation, 
and catalysis.[4] 


In the modern era fast growths in nanotechnology, in the field of electronics and electrical 
systems the capacitors with incredible performance are immediately required. At present, 
nanomaterials having a high dielectric constant and flexibility, but low dielectric loss, have 
attracted great consideration due to their potential presentation in many cutting-edge industries, 
including microelectronics, aerospace, and aviation[8-10]. In general, Iron (411) Oxide (Fe203) 
own excellent flexibility and high breakdown strength, 


Previous studies have shown that the polymeric composites, which were integrated with 
high thermal conductivity fillers, such as metal (Cu) [11], oxide(Al2O3)[12], aluminum nitride 
(AIN)[13], carbide(SiC)[14], and carbon nanotubes[15], can endow themselves with superior 
properties. For example, Cu-filled low-density polyethylene (LDPE) composites were studied 
by Luyt et al.{[11] and they found that the thermal conductivity of the composites was 
0.35 Wm! K'! when the volume fraction of the Cu particles was 7.0 vol.%. Fang et al.[14] 
prepared different dimensional SiC particles to be filled into LDPE composites, and realized 
that the thermal conductivity of the composites was 0.37 Wm! K™! at 10 vol.% SiC content. 
High thermal conductivity of the composites usually requires a high volume fraction of fillers, 
and provision of a low dielectric constant, which is not suitable for use for microelectronics. 
Additionally, most research has just focused on one single side of thermal conductivity or 
dielectric property of nanocomposites at room temperature. Few in-depth explorations of the 
cooperative effect of a large thermal conductivity and a high dielectric constant for polymer 
materials under broader temperature conditions have been investigated until now, and their 
influential mechanism is still uncertain. Beyond that, how to improve the thermal conductivity 
and the dielectric performance of composites at low filler loading is one of the key issues. 


The external electric field could significantly influence the polymer’s molecular 
arrangement and the conductive particles’ distribution of the polymer composites, in the end 
the microstructure and macro-properties of the composites are influenced [16-17]. Hence, in 
this research, the electrical properties of Iron (411) Oxide (Fe203) particles such as loss tangent, 
relative permittivity, relative loss and conductivity have been investigated at different 
frequencies at room temperature were investigated. 


2. EXPERIMENTAL ANALYSIS 


The nano Iron (111) Oxide Nanopowder X-ray diffraction was conducted on a Philips Analytical 
XPERT-3 diffractometer using a Cu Ka radiation (A = 1.54056 A°) with a MINIPROP detector 
and operating at 40 kV and 30 mA. X-ray diffraction patterns were recorded between 20 = 5° 
and 109° with a step of 0.013° and a scan step time of 18.87 s by step. Identifier Diffraction 
software. Surface morphologies of the specimens were observed with a scanning electron 
microscope (SEM, JEOL JEC3000FC) in which coating time is 60 sec operating from Ikv to 
Skv and using 70% inert gas. In the Raman spectroscopy the experiment time is 30sec, laser 
power is used 0.5% and the range is selected from 100-2000 cts using Renishaw model of 
Raman spectroscopy. 

The dielectric measurements for the samples have been carried out with the dielectric cells 
in the form of parallel-plate capacitor. For unaligned, the dielectric cell has been prepared using 
indium tin oxide-coated glass plates, having surface resistance less than 1.0-1.5 QSq' The 
material has been filled in the cell at room temperature with the novo impedance analyser. 
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3. RESULT AND DISCUSSION 


The figure 1 depicts the X-ray diffraction (Cu Ka radiation) spectrum of the nano Iron (111) 
Oxide powder. The synthesized magnetic nanoparticles oxide shows good nanoparticles 
structure and are stable in hydrocarbon solvents against air oxidation. Figure | show the XRD 
patterns of Iron (111) Oxide powder at room temperature. The nano- Iron (111) Oxide powders are 
in amorphous structure. Its average particle size was 48.53 nm. That calculated through the 
Scherrer's formula D=kA/Bcos0 [9] Scanning electron microscopy (SEM) micrograph of 
agglomerated nanocrystalline Iron (111) Oxide particles produced. Scanning electron 
microscopy (SEM) images of Iron (111) Oxide nanoparticles (figure 2, 3 & 4) indicating the 
homogeneous size, agglomeration of particles, with diameters ranging from 40 to 60 nm. The 
morphology of the prepared Iron (111) Oxide nanoparticles was characterized by SEM images 
as shown in Figure 2-4. From images results, we can observe a large quantity of uniform 
nanoparticles (NPs) with average particle size of 40-60 nm. 
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Figure 1 xrd pattern of Iron (411) Oxide Nanopowder. 


3.1. Morphological Analysis 


The morphology of [ron (111) Oxide Nanopowder was explored scanning electron microscope 
displayed in Figure 2 Iron (411) Oxide Nanopowder. 


These pictures display the formation of Iron (1) Oxide Nanopowder. The pictures also 
exhibit the standardized particle size and specific range of diameters 30-40 nm. 
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Figure 2 Scanning electron microscope photographs of Iron (111) Oxide Nanopowder. 
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3.2. Raman Analysis 


Figure 3 shows Raman spectra of Iron Oxide (111) Nanopowder using a green laser with A =785 
nm. BN exhibits a characteristic peak occurs at ~143, 289, 498 and 629 cm”. The intensity of 


the spectra is ~1500. Raman spectrograph display the regular peak. Raman spectra of ZnO 
confines the Iron Oxide (411) Nanopowder. 
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Figure 3 Raman shift (cm-1) vs. intensity of the Iron (411) Oxide nanopowder at 28 C. 


3.3. Electrical Analysis 


The Electrical studies of sample were investigated by Novo impedance analyser a- type. The 
dependency of Electrical parameters (Electrical Conductivity and Dissipation Factor) on the 
frequency is given in the following table. 


Table 1 Variation of Electrical Parameters viz. Frequency of the Iron (111) Oxide nanopowder at Room Temperature 28 °C. 


S 

3 

oS 
ny 

5 
= 
2 
g 
A 


1.0x 10° 
Frequency (Hz) 





Figure 4 Dependency of Dissipation factor (Tan 5) on frequency (Hz) of Iron (111) Oxide nanopowder at Temperature 28 °C 
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Figure 5 Dependency of electrical conductivity (o) on frequency (Hz) of Iron (i11) Oxide nanopowder at Temperature 28 °C 
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Figure 7 Dependency of relative loss (€") on frequency (Hz) of Iron (ii1) Oxide nanopowder at Temperature 28 °C 
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4. CONCLUSION 


This study has described that at room temperature the structural and electrical study of Iron (411) 
Oxide (Fe2O3) has done. It is found that the Iron (111) Oxide (Fe2O3) with homogeneous size of 
30-40 nm, shape distribution agglomeration of particles, with diameters extending from 30 to 
40 nm have been characterized by SEM, XRD and RAMAN SPECTROSCOPY it is found that 
the Iron (411) Oxide (Fe203) has crystalline structure and homogenenous size of the particles 
within the nanoscale. In addition, Electrical parameters of Iron (111) Oxide (Fe203) such as 
dissipation factor (Tan 6), and electrical conductivity (co) with the frequency analysed by Novo 
Impedance Analyser and found that conductivity [o ] varies from 1.24 x 107% (S-m’') to 8.72 x 
107 (S-m') with frequency 1 KHz to 10 MHz, while the Loss Tangent Varies from 1.28 to 0.63 
with the same frequency range. This variation was obtained owing to drop in the size of Iron 
(411) Oxide (Fe203) Nano Powder. 


On the basis of this analysis the Iron (411) Oxide (Fe203) Nanopowder can be used as 
dielectric material. 
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